The mechanisms of reciprocating tachyeardias were studied in three patients with WPW syndrome using the catheter technic of His bundle recordings. In the first case it could not be determined with certainty whether the tachycardias involved two anatomically independent fascicles or a single longitudinally dissociated pathway. They were terminated by carotid sinus pressure, which caused A-V nodal block, or by properly timed atrial stimuli, which interrupted the circuit. Short-lived paroxysms of atrial fibrillation in cases 1 and 2 were most probably related to atrial vulnerability. 
tion
Kent bundle Methods The technic of His bundle recordings used in our laboratory has been described in a previous communication. 17 In essence, it is an extension of the method introduced by Scherlag and associates. 16 After the appropriate consent was obtained from the patient, three catheters were placed in the right side of the heart. A tripolar or a bipolar electrode was introduced percutaneously through the femoral vein and fluoroscopically positioned across the septal leaflet of the tricuspid valve. This catheter electrode was slowly withdrawn across the tricuspid valve until the appearance of the His bundle deflection'6 on the oscilloscopic screen. Two additional bipolar electrode catheters were introduced percutaneously through an antecubital vein. One, placed high in the right atrium, was used to record a filtered (high right atrial) bipolar electrogram (BAE). Atrial the desired intracardiac leads at paper speeds of 50 or 100 mm/msec. All tracings were stored on magnetic tape for future playback at any desired speed. The pulses were delivered by a pacemaker which has been used for continuous coupled and paired electrical stimulation."8 Such a stimulator has uses similar to the one described by Schuilenburg and Durrer.19 The pulses were slightly underdamped, of twice diastolic threshold value and 2.5 msec in duration. When the atria were stimulated, the emission of the impulse was taken as the onset of the P wave. During sinus rhythm the beginning of the P wave in lead II was used to measure the corresponding intervals. However, in the presence of retrograde atrial conduction the beginning of atrial activation occurred in the HBE lead (low bipolar atrial lead) and was taken as the onset of the retrograde P wave (P). During ventricular stimulation, the stimulus artifact in lead II was equated with the beginning of ventricular depolarization.
The following intervals were measured whenever feasible: (a) P-R, (b) P-H, (c) H-R, (d) R-H, (e) R-P-, (f) H-P-, P--H, and P--R. With the technic used in our department, retrograde activation of the atrial (P-) and His bundle (H-) did not produce deflections which were the mirror image of the ones seen during orthograde sinoventricular conduction.17
Cases Studied Case 1 This patient was a 40-year-old male with a 16-year history of palpitations. During the last year the attacks of rapid heart action had lasted longer and were accompanied by a sensation of substernal discomfort and weakness.
The ECG showed sinus rhythm with a rate of 66/min and a WPW syndrome type A ( fig. 1 ).
Cardiac catheterization was normal, but coronary angiography revealed 60% occlusion of the anterior descending artery. During spontaneous sinus rhythm and ventricular pre-excitation at a rate of 100/min this patient developed the arrhythmia shown in figure 3 . The first two, slightly notched P waves, were sinus in origin. Therefore, the onset of atrial activity in the high bipolar right atrial lead (BAE) preceded that of the HBE (low right atrial lead). Both P-R and P-H Circulation, Volume XLII, intervals measured 120 msec. The inscription of the H deflection coincided with that of the delta wave in lead II indicating ventricular pre-excitation through a bypass of the "main" His bundle.17 The QRS complexes were therefore "fusion" beats resulting from ventricular activation through both pathways. Intracardiac recordings showed that the third P wave was inscribed first in the low right atrium and was suggestive of inferosuperior spread of activation. Usually the first negative P wave of a reciprocating tachycardia in the WPW syndrome is preceded by a long P-R interval. 3' 5-8, 10 According to Wolff,5 and Schamroth20 the Kent bundle cannot conduct retrogradely after a beat with a short P-R interval and anomalous ventricular activation. Scherf 3. On one occasion a single P wave appearing 180 msec after the preceding delta wave triggered a run of atrial flutter ( fig. 4) , which promptly converted to atrial fibrillation. The latter lasted only a few seconds. During atrial fibrillation A-V conduction occurred mainly through the His bundle. Unevenly spaced QRS complexes showed a pattern similar to the one presented on the right side of figure 3 . The atrial extrasystole could have triggered atrial fibrillation when falling in the vulnerable period of the atria. A reciprocating tachycardia could also be induced during atrial pacing at a rate of 90/min ( fig. 5 ). The first two ventricular complexes showed increasing degrees of preexcitation. The measurements (in msec) made in these two beats are given in table 1. The second H deflection was inscribed after the onset of the R wave in lead II. The corresponding QRS complex (with right axis deviation) probably represented "exclusive or predominant conduction through the Kent bundle."18 The third P wave was not conducted through the Kent bundle, which failed in "all or none fashion." A-V conduction occurred exclusively through the His bundle. The P-H and P-R intervals measured 210 The fourth P wave was also propagated through the His bundle with a long A-V conduction time. The resulting (fourth) QRS complex was followed by a retrograde P wave (P-) which triggered a run of reciprocating tachycardia with similar characteristics as the Circulation, Volume XLII, August 1970 one shown in figure 3 . Pacing was stopped after the onset of the arrhythmia. The corresponding intervals during the tachycardia had the following values: R-P-= 120 msec; Ph-R = 235 msec, and P--H = 185 msec. Note specifically that the R-P-was significantly shorter than the P--R. Atrial vulnerability cannot be invoked in the genesis of this arrhythmia because the triggering P wave fell late in the atrial cycle. Thus a reciprocating (and not a "unifocal") A-V nodal tachycardia was probably present.24 Figures 3 to 5 show that three different types of ventricular complexes, each with a distinct AQRS, occurred in this patient: (a) beats conducted exclusively through the His bundle with abnormal left axis deviation, (b) beats presumably conducted exclusively or mainly through the Kent bundle with right axis deviation, and (c) fusion beats with a normal QRS axis. Figure 5 Duration (msec) The first three ventricular complexes in figure 6 were interpreted as follows: The first was a pure sinus beat conducted exclusively through the His bundle (note absence of delta wave); the second was a spontaneous ventricular extrasystole; and the third, with a delta wave, was a WPW fusion beat resulting from ventricular activation via Kent and His bundles. The third QRS complex was followed after an interval of 120 msec by a negative P wave (Px) which initiated (probably because of atrial vulnerability as in figure 4) The second QRS complex in figure 7 showed normal atrioventricular and intraventricular conduction times. In contrast, the first Case 3. The second QRS complex had shorter P-R and H-R intervals than the normal one ( fig. 7 , center). This and the response to atrial pacing (see fig. 12 ) suggested that ventricular pre-excitation occurred throutgh a preferential infra-nodal (Mahaim fiber ?) bypass. figure 7 (center) with the second beat in figure 8 showed a shorter P-R interval and initial slurring in the latter. Although the P-H interval did not change, the H-R interval was significantly shorter than in the normal complex (table 2). The fact that the P-H intervals were similar in this beat and in the normal beat, as well as the response to atrial pacing (see fig. 12 ) suggested that the ventricles were pre-excited by a preferential infra-nodal pathway. A para-specific (Mahaim) fiber could have been such a pathway. 25 26 This assumption is in keeping with James' postulates for Mahaim fiber conduction.27 He required for the diagnosis of Mahaim fiber conduction, the presence of early ventricular (septal) excitation, a slight degree of (initial) QRS distortion, and an isoelectric interval between the end of the P wave and the onset of ventricular depolarization. 27 In summary, this patient had three distinct patterns of A-V and intraventricular conduction resulting from (a) exclusive propagation through the His bundle, (b) coexisting conduction through His and Kent bundles, and (c) no conduction through the Kent bundle with exclusive supra-Hisian propagaCirculation, Volume XLII, August 1970 tion via the A-V node and infra-nodal propagation through the Mahaim fiber and His bundle. For the sake of simplicity, the latter beats will be referred as having a Mahaim type of conduction.
The first reciprocating arrhythmia observed in this case was recorded before coronary angiography at a time that the regular electrocardiogram showed normal sinus rhythm (first and last complexes in figure 9 ). Three mechanical extrasystoles were induced after the first sinus beat. The last two ectopic contractions had retrograde conduction to the atria so that atrial activity was initially recorded in lower portions of the right atrium. The onset of the P wave in the HBE preceded that of the BAE. The third ectopic ventricular beat, with an R-P of 160 msec triggered a run of reciprocating tachycardia. When the arrhythmia became stabilized, the R-P-, P--R, and P--H intervals measured 150, 335, and 280 msec, respectively. The R-P-interval was significantly shorter than the P--R. Apparently the third ventricular extrasystole was not conducted retrogradely to the atria through the normal A-V junction because the latter was refractory. fig. 8, second beat) . The first three pacemaker beats (measuring 180 msec) had an R-P-interval of 230 msec. The third (retrograde) P wave was able (when pacing was discontinued) to capture the ventricles through the His bundle with prolonged Ph-H and P--R conduction times. A reciprocating tachycardia was thus initiated. When the latter became established, the R-P-interval was shortened to 120 msec. The P--R and P--H intervals measured 350 and 310 msec, respectively. As in figures 3 and 5, the R-Pwas shorter than the P--R.
It seems that the last ventricular ectopic beat (third QRS complex) was conducted retrogradely to the atria via the Kent finally reaching the ventricles through the His bundle and Mahaim fiber. Therefore, the corresponding reciprocating circuit was represented as follows:
Retrograde P waves following both pacemaker and natural beats had a similar morphology in the intra-atrial leads. Hence, they must have had a similar point of entry in the atria. A spike-to-P interval of 230 msec appears to be too long to postulate retrograde conduction through the Kent bundle. Yet this interval represented the time that elapsed between the delivery of the impulse to the apex of the right ventricle and the onset of atrial depolarization. It included the conduction time from the stimulated site to the ventricular end of the accessory bundle as well as the duration of retrograde propagation through the Kent bundle. Assuming that the former (that is, pure intraventricular conduction) had a value of 110 msec, the retrograde conduction time through the accessory communication would be 230 -110 or 120 msec. This value is similar to the R-P-interval of natural beats. If retrograde conduction of pacemaker beats through the Kent bundle is accepted, it can be postulated, but not conclusively proved, that the first three QRS complexes also activated the His bundle in a retrograde fashion, the impulses being Circulation, Volume XLII, August 1970 blocked above the bundle. The corresponding, presumably small, H deflections were then buried inside the ventricular complexes.
Transient ventricular pacing at a rate of 140/min resulted in advancing the subsequent (reciprocating) atrial and ventricular complexes to an earlier moment ( fig. 11 ): The first QRS complex after cessation of pacing appeared 160 msec before the time that it would have been due if ventricular stimulation had not been performed. This is further evidence of a reciprocating arrhythmia using anatomically separate pathways. 10' 28 Atrial pacing in this patient produced different effects from those in other patients with WPW syndrome studied in our department. '7 In figure 12 the first P-R and P-H intervals measured 240 and 200 msec, respectively. However, the H-R interval was the same as it was during sinus rhythm and Mahaim fiber conduction (second beat in fig. 8 and table 2 ). The second P-R interval was longer than the first (300 msec). This was due exclusively to a prolongation of the P-H interval to 260 msec. There was no change in the H-R interval or in QRS duration. This is the usual response to atrial pacing at critical rates seen in patients without WPW syndrome. These findings are in keeping with the assumptions made earlier that supra-Hisian propagation occurred only through the A-V node and that the bypass did not involve the latter. The third P wave was retrograde and appeared 120 msec after the second QRS complex. Apparently, the latter had retrograde conduction through the Kent bundle. A reciprocating tachycardia was then initiated. During the latter, the R-P-was significantly shorter than the P--R. The corresponding circuit was represented as follows:
Mode of Termination of the Arrhythmias
Cases and 2 The reciprocating tachycardias occurring in these patients (either spontaneously or induced by atrial stimulation) were terminated in two ways. Figure 13 shows the effects of carotid sinus pressure. This vagal maneuver produced progressive lengthening of the P--R and P--H intervals until a P-wave failed to reach the His bundle (A-V nodal block). In addition, atrial stimuli were delivered at a time early enough to stimulate the atria before the oncoming retrograde P wave captured the ventricles with a long P-R interval and terminated the tachycardia ( fig. 14) .
Atrial fibrillation occurring in cases 1 and 2 was short-lived and disappeared spontaneously with prompt resumption of sinus rhythm. Case 3 In this patient carotid sinus massage could not be applied successfully. Hence, its effects were not determined. The tachycardias of The tachycardias shown in this communication had R-P-intervals which were consistently shorter than the P--R8 intervals. On the other hand, in patients without WPW syndrome, reciprocating tachycardias of ventricular origin in which retrograde conduction occurs through the His bundle (due to a functional longitudinal dissociation of the A-V junction) usually show R-P-intervals which are definitely longer than the P--R intervals.2, 23, 29 During the tachycardias A-V conduction consistently occurred through the His bundle. 
